21 Despite being the subject of intensive research, tuberculosis, caused by Mycobacterium 22 tuberculosis, remains at present the leading cause of death from an infectious agent. Secreted 23 and cell wall proteins interact with the host and play important roles in pathogenicity. These 24 proteins have been explored as candidate diagnostic markers, potential drug targets or vaccine 25 antigens, and special attention has been given to the role of their post-translational 26 modifications. With the purpose of contributing to the proteomic characterization of this 27 important pathogen including an O-glycosylation profile analysis, we performed a shotgun 28 analysis of culture filtrate proteins of M. tuberculosis based on a liquid nano-HPLC tandem mass 29 spectrometry and a label-free spectral counting normalization approach for protein 30 quantification. We identified 1314 M. tuberculosis proteins in culture filtrate and found that the 31 most abundant proteins belong to the extracellular region or cell wall compartment, and that 32 the functional categories with higher protein abundance factor were virulence, detoxification 33 and adaptation, and cell wall and cell processes. In culture filtrate, 140 proteins were predicted 34 to contain one of the three types of bacterial N-terminal signal peptides. Besides, various 35 proteins belonging to the ESX secretion systems, and to the PE and PPE families, secreted by the 36 type VII secretion system using nonclassical secretion signals, were also identified. O-37 glycosylation was identified as a frequent modification, being present in 108 proteins, principally 38 lipoproteins and secreted immunogenic antigens. We could identify a group of proteins 39 consistently detected in previous studies, most of which were highly abundant proteins. 40 Interestingly, we also provide proteomic evidence for 62 novel O-glycosylated proteins, aiding 41 to the glycoproteomic characterization of relevant antigenic membrane and exported proteins. 48 HIV-positive people [1]. Although TB diagnosis and successful treatment averts millions of 49 deaths each year, there are still large and persistent gaps related to this infection that must be 50 resolved in order to accelerate progress towards the goal of ending the TB epidemic endorsed 51 by WHO [1]. 52 M. tuberculosis (MTB), has evolved successful mechanisms to circumvent the hostile 53 environment of the macrophage, such as inhibiting the phagosome-lysosome fusion and to 54 escape the acidic environment inside the phagolysosome [2]. MTB may be unique in its ability 55 to exploit adaptive immune responses, through inflammatory lung tissue damage, to promote 56 its transmission [3]. It has been proposed that this microorganism was pressed by an 57 evolutionary selection that resulted in an infection that induces partial immunity, where the 58 host survives a long period after being infected with the pathogen, aiding in microorganism 59 persistence and transmission [3]. MTB mechanisms of evasion of host immune system were 60 proposed to have consequences in the design of TB vaccines [3] and to be in part responsible of 61 the poor performance of immune-based diagnostic tools [4,5]. 62 In that context, there is a pressing need to advance the knowledge of the mechanisms that 63 mediate its virulence. Among the tools to study the biology of MTB, M. tuberculosis H37Rv is a 64 well-characterized human lung isolate and one of the most commonly used laboratory strains 65 of M. tuberculosis. This virulent strain has been used in several investigations to understand the 66 molecular mechanisms of MTB virulence, pathogenicity and persistence, as it provides a unique platform to investigate biochemical and signaling pathways associated with pathogenicity [6]. In 68 particular, it has been extensively used to identify pathogen biomarkers of M. tuberculosis 69 infection and disease. These are generally major components identified by electrophoresis and 70 mass spectrometry both in total extracts and culture filtrates [7-9]. 71 The cell envelope and secreted components of MTB are among the bacterial molecules most 72 commonly described as potential biomarkers of the infection, or involved in host immune 73 evasion. Mycobacteria possess a remarkably complex cell envelope consisting of a cytoplasmic 74 membrane and a cell wall. These constitute an efficient permeability barrier that plays a crucial 75 role in intrinsic drug resistance and contributes to the resilience of the pathogen in infected 76 hosts [10]. Membrane and exported proteins are crucial players for maintenance and survival of 77 bacterial organisms, and their contribution to pathogenesis and immunological responses make 78 these proteins relevant targets for medical research [11]. In particular, these proteins are known 79 to play pivotal roles in host-pathogen interactions and, therefore, represent potential drug 80 targets and vaccine candidates [12]. 81 Overall, the bulk of exported proteins are transported by the general secretory Sec-translocase 82 pathway. This is performed by recognition of the signal peptide in the nascent preprotein, which 83 is subsequently transferred to the machinery that executes its translocation across the 84 membrane [13]. Besides, mycobacteria utilize type VII secretion systems (T7SS) to export many 85 of their important virulence proteins. The T7SS encompasses five homologous secretion systems 86 (designated ESX-1 through ESX-5). Most pathogenic mycobacterial species, including the human 87 pathogen M. tuberculosis, possess all five ESX systems [14,15]. The ability of MTB to subvert host 88 immune defenses is related to the secretion of multiple virulence factors via these specialized 89 secretion systems [15]. 90 Recent developments in mass spectrometry-based proteomics have highlighted the occurrence 91 of numerous types of post-translational modifications (PTMs) in proteomes of prokaryotes 92 which create an enormous diversity and complexity of gene products [16]. This PTMs, mainly In this study we describe a straightforward methodology based on a high throughput label-free 110 quantitative proteomic approach in order to provide a comprehensive identification and 111 quantitation of proteins in M. tuberculosis H37Rv culture filtrate. The extent of protein O-112 glycosylation was also evaluated with the purpose of collaborating with the glycoproteomic 113 characterization of this pathogen. With the goal to validate and integrate our results, a 114 comprehensive comparative analysis was performed against former research papers that have 115 addressed this issue using different and complementary approaches. The results presented here 116 make focus on the principal exported and secreted virulent factors with the aim to contribute 117 to a deep proteomic characterization of this relevant pathogen and to collaborate to a better 118 understanding of the pathogenesis and survival strategies adopted by MTB. 128 which was prepared as previously described [8]. 129 Culture filtrate protein preparation 130 Bacterial cells were removed by centrifugation and culture filtrate protein (CFP) was prepared 131 by filtering the supernatant through 0.2 µM pore size filters (Millipore, USA). After sterility 132 testing of CFP in Mycobacteria Growth Indicator Tube (MGIT) supplemented with MGIT 960 133 supplement (BD, Bactec) for 42 days at 37°C in BD BACTEC™ MGIT™ automated mycobacterial 134 detection system, CFP was concentrated using centrifugal filter devices (Macrosep Advance, 135 3kDa MWCO (Pall Corporation, USA)). Concentrated CFP was buffer exchanged to phosphate-136 buffered saline and total protein concentration was quantified by BCA (Pierce BCA Protein Assay 137 Kit, Thermo Fischer Scientific). 138 1D and 2D gel electrophoresis 139 M. tuberculosis CFP samples were analyzed by 1D and 2D gel electrophoresis and were used for 140 raising polyclonal antibodies in rabbits as described below. For 1D gel electrophoresis CFP 141 diluted in SDS-PAGE loading buffer was loaded onto 15% SDS-PAGE and silver nitrate staining 157 To produce polyclonal antibodies against M. tuberculosis CFP, two New Zealand White rabbits 158 (2-2.5 kg) were immunized subcutaneously with 100 µg of CFP, followed by 1 booster of 100 µg 159 and 2 additional boosters (50 µg each) of CFP in Incomplete Freund Adjuvant using an authorized 160 protocol (Comité de Etica de Facultad de Química, Exp. Nº 101900-000717-14)
Materials and Methods

120
Mycobacterial strain and growth conditions 121 Mycobacterium tuberculosis H37Rv strain (ATCC® 25618™) was grown for 3 weeks at 37°C in 122 Lowenstein Jensen solid medium and after growth was achieved it was subcultured in 123 Middlebrook 7H9 broth supplemented with albumin, dextrose, and catalase (ADC) enrichment 124 (Difco, Detroit, MI, USA) for 12 days with gentle agitation at 37°C. Mycobacterial cells were 125 pelleted at 4000xg for 15 min at 4°C and washed 3 times with cold phosphate-buffered saline.
126
Mycobacterial cells were subsequently cultured as surface pellicles for 3 to 4 weeks at 37°C 127 without shaking in 250 mL of Sauton minimal medium, a synthetic protein-free culture medium, 142 was performed as described elsewhere [22] . For 2-Dimensional gel electrophoresis 50 µg of M.
143 tuberculosis CFP was purified and concentrated using 2-D Clean-Up Kit (GE Healthcare) and 144 resuspended in 125 µl of rehydration solution (urea 7M, thiourea 2M, CHAPS 2%, IPG Buffer 3-145 10 0,5%, DTT 20 mM, bromophenol blue 0,002%). Two experiments were run in parallel, one for 146 silver nitrate staining and the other for western blot analysis. Proteins were loaded into 7 cm 147 IPG Strips 3-10 (GE Healthcare) by overnight passive rehydration. First dimension isoelectric 148 focusing (IEF) run was performed using Ettan IPGphor 3 IEF System (GE Healthcare) according to 149 manufacturer instructions. Disulfide bonds were reduced with dithiothreitol (10 mg/mL) and 150 subsequently alkylated with 25 mg/mL iodoacetamide. The second dimension was performed 151 on hand-cast gels (15% SDS-PAGE, 10x10x0.1cm) and silver nitrate staining was performed as 152 described above. In both analyses the molecular weight marker was PageRuler Prestained 153 Protein Ladder (Thermo Fischer Scientific). For Western blot analysis, proteins were transferred 154 onto a nitrocellulose membrane (Amersham Protran 0.45 µM NC (GE Healthcare)) for one hour 155 at 400mA. Membrane was blocked and blotted as described below.
156
Anti-CFP antibodies production and western blot antigen-antibody detection membranes were incubated for 1h at room temperature with a 
317
Culture filtrate proteins (CFP), obtained after culture centrifugation and filtration, were 318 concentrated by ultrafiltration and quantitated previous to further analysis. Four different 319 batches of CPF were analyzed by gel electrophoresis and silver nitrate staining. As similar 320 patterns were observed with the different CFP preparations a composed sample was prepared.
321
The composed CFP sample was separated and resolved by 1D and 2D gel electrophoresis. In 1D 322 SDS-PAGE an electrophoretic pattern showing a variety of proteins from approx. 10 kDa to 100 323 kDa was observed ( Fig 1A) . In the case of 2D gel electrophoresis analysis, two experiments were 324 run in parallel, one for silver nitrate staining ( Fig 1B) and the other for western blot analysis using 325 anti-CFP rabbit polyclonal antibodies to identify principal immunogenic proteins ( Fig 1C) .
326
Immune recognition pattern of CFP proteins observed with anti-CFP rabbit polyclonal antibody 327 was confirmed with an additional anti-CFP polyclonal antibody (NR-13809, BEI Resources). As shown in Fig 1B most (Fig 2A) . Table) .
478
This approach allowed for the identification of proteins targeted to the signal-sequence-479 dependent secretory pathways. To export proteins across its unique cell wall, mycobacteria 480 utilize the general secretion pathways, twin-arginine transporter, and up to five distinct ESX 481 secretion systems (designated ESX-1 through ESX-5, referred to as the type VII secretion system: 482 T7SS), which various functions in virulence, iron acquisition, and cell surface decoration [14] .
483
The ESX-1 system was the first of the T7SS to be identified and is responsible for the secretion 484 of EsxA (6 kDa early secretory antigenic target, ESAT-6, Rv3875) and EsxB (Rv3874) [47] . It is important to note that proteins belonging to ESX secretion systems gene clusters as well as 
499
In summary, various proteins with signal peptides were detected in our sample and several other 500 proteins related to T7SS were identified. The SignalP 5.0 server was a suitable approach in order 501 to predict secreted proteins with classical signal peptides but it has limitations to analyze 502 proteins bearing non-classical secretion signals.
503
Integrative analysis with previous proteomic studies 504 In order to get more information on the results obtained and validate them, former research 505 studies, which used different and complementary approaches to characterize M. tuberculosis 506 H37Rv CFP, were compared against our results. We selected relevant previous proteomic studies 
534
The label free quantitative approach applied in this study was exploited to compare the 535 abundance in our sample of proteins identified in all the studies included in the analysis (N=4) versus those proteins identified in 3 (N=3), 2 (N=2) or 1 study (only this study) (N=1). Fig 3B  clearly shows that proteins identified in the four studies are on average more abundant than 538 proteins identified in the other groups analyzed. Moreover, proteins identified in at least 2 539 studies (N=3 or N=2) are globally more abundant than proteins identified exclusively in the 540 present work. 
562
These results are summarized in S3 Table. correlation with previous studies, both in terms of qualitative proteomic composition as well as 
704
This shotgun proteomic approach allowed a deep comprehension of M. tuberculosis H37Rv 705 culture filtrate proteins reporting proteomic evidence in this sub-fraction for 1314 proteins. In 706 that sense it is important to note that although this method is highly sensitive, specificity was 707 prioritized by selecting as post-processing criteria that considered only proteins with at least 708 two different peptide spectrum matches.
709
In addition to proteins that have not been previously reported in M. tuberculosis H37Rv CFP, we 710 also found proteins consistently detected in previous proteomic studies which were further 711 confirmed as highly abundant proteins. Many of these proteins were previously described in 
